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(54) VALVE GEAR SYSTEM OF ENGINE 

(57) First and second connecting portions 61a and 
e2a are an^nged in parallel and relatively turnabfy con- 
nected to a rocker ann 36 and a movable support portion 
62b of a second link arm 62 is placed nearer to an engine 
valve 19 than a fixed support portion 61b of a first link 
arm 61 . This makes it possible to decrease the size of a 
valve operating system and ensure the follow-up ability 
of the opening/closing operation as well as to vary a lift 
amount of the engine valve continuously while maintain- 
ing the reliability and durability of drive means. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an engine valve 
operating system equipped with a variable valve lift 
mechanism which continuously varies the lift amount of 
an engine valve, narhely an intake valve or exhaust valve. 

BACKGROUND ART 

[0002] A valve operating system in which one end of 
a push rod is fitted to one end of a rocker arm having a 
valve abutment part abutting to an engine valve at the 
other end side and a link mechanism is provided between 
the other end of the push rod!and a valve operating cam 
in order to continuously change the amount of lift of the 
engine valve is already known by Patent Document 1. 
[0003] However, in the conventional S^lve operating 
system disclosed in Patent Document 1, it is necessary 
to ensure a comparatively large space to dispose a link 
mechanism and the push rod therein, between the valve 
operating cam and the rocker arm, and therefore, tiie 
valve operating system becomes large in size. In addi- 
tion, a driving force from the valve operiating cam is trans- 
mitted to the rocker arm via the link mechanism and the 
push rod, and therefore^ it is difficult to say that follow- 
up ability of the rocker arm to the valve operating cam, 
namely, follow-up ability of opening and closing operiation 
of the engine vaive is excellent. 

[0004] Thus, the applicant already proposes a valve 
operating system of the engine in which one end portions 
of a first and secphd link arm are rotatably connected to 
a rocker arm, the other end portion of the first link arm is 
rotatably supported at an engine body, and the other end 
portion of the second link arm is displaced by drive means 
in Patent Document 2. According to the valve operating 
system, it is possible to nriake the valve operating system 
coi^pact and it is also possible to ensure excellent follow- 
up ability to the valve operating cam by directly transmit- 
ting the power from the valve operating cam to the rocker 
arm. 

Patent Document 1 : 

Japanese Patent Application Laid-open No. 8-74534 
Patent Document 2: 

Japanese Patent Application Laid-open No. 
2004-36560 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] The load acting on the second link ami is larger 
than the load acting on the first fink arm, but In the valve 
operating system descilbed above, the first and second 
link amis are substantially equal in length. This relatively 
increases load moments acting on the second link arm. 



It is desired to reduce the moments in order to improve 
the reliability and durability of drive means which displac- 
es a movable shaft. 

[0006] The present invention has been made in view 
^ of the above circumstances and fias an object to provide 
an engine valve operating system which is compact in 
size, ensures the followabilty of the opening/closing op- 
eration, and improves the reliability and durability of drive 
means. 

MEANS FOR SOLVING THE PROBLEMS 

[0007} To achieve the above object, according to a first 
aspect and feature of the present invention, there is pro- 
15 posed an engine valve operating system, comprising:. 

a rocker amn which has a cam-abutting portion to 
abut a valve operating cam and whose first end is 
coupled in operative association with an engine 

20 valve; 

a link mechanism equipped with afirst fink ami which 
has a first connecting portion at a first end to be turn- 
ably connected to the rocker arm and has a fixed 
support portion at the second end to be turnably sup>- 

2s ported at a fixed position on an engine body as well 
as with a second link arm which has a second con- 
necting portion at a first end to be turnably connected 
to the rocker ami and has a movable support portion 
at the second end to be tumably supported by a mov- 

30 able shaft which is dlsplaceable; and 

drive means connected to the movable shaft, being 
capable of displacing the movable shah in order to 
vary a lift amount of the engine valve continuously, 
characterized in that the first and second connecting 

35 portions are arranged in parallel and relatively turn- 
ably connected to the second end of the rocker arm 
and the movable support portion of the second link 
ami is placed nearer to the engine valve than the 
fixed support portion of the first link ami. 

40 

[0008] According to a second aspect of the present 
invention, in addition to the first aspect, a housing portion 
capable of housing the movable support portion is formed 
in the first link arm in such a way that a straight line linking 

45 the first connecting portions of the first link arm with the 
flank of the fixed support portion on the side of the second 
link ami overlap with part of the movable support portion 
as viewed laterally when at least the movable support 
portion is placed at the closest point to the first link arm. 

so [0009] According to a third aspect of the present in- 
vention, in addition to the second aspect, the first Rnk 
ami is fonmed into a substantial U shape with a pair of 
first conriecting portions which sandwiches the rocker 
arm from both sides, the fixed support portion, and a pair 

55 of ann portions which link the first connecting portions 
and the fixed support portion; and at least part of the 
housing portion is formed between the two arm portions. 
[0010] According to a fourth aspect of the present in- 
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vention. In addition to the second or third aspect, the 
housing portion can house at least part of the movable 
shaft 

[001 1 ] According to a f ifth aspect of the present inven- 
tion, In addition to the first aspect, the rocker arm Is 
equipped at the first end with a pair of bolt mounting por- 
tions into which adjustment bolts are screwed, the ad- 
justment bolts having adjustable advance/retract posi- 
tions and abutting a pair of engine valves, respectively; 
and on the rocker ami, a rib Is installed between the bolt 
mounting portions and sticks out from the first end of the 
rocker arm to the cam-abutting portion. 
[0012] According to a sixth aspect of the present in- 
vention, in addition to the fifth aspect, the first link aim is 
formeid into a substantial U shape with a pair of connect- 
ing portions which sandwiches the rocker am from the 
opposite sides, the fixed support portion turnably sup- 
ported at a fixed position on the engine body, and a pair 
of arm portions which link the connecting portions and 
the fixed support portion; and the second link amri Is 
formed into a flat shape so as to be placed between the 
two ami portions as viewed orthgonally to a straight line 
whteh links rotational axes at opposite ends of the first 
link ami. 

[0013] According to a seventh aspect of the present 
Invention, in addition to the fifth or sixth aspect, the first 
end of the first link amn is turnably connected to the rocker 
arm via a pin; a roller serving as the cam-abutting portion 
is supported via the pin; and an outer flank of that part 
of the rocker arm which opposes a camshaft equipped 
with the valve operating cam overlaps with an outer flank 
of the first end of the first link anm as viewed laterally, 
forming an arc shape around the axis of the pin. 
[0014] According to an eighth aspect of the present 
invention, In addition to the fifth or sixth aspect, the engine 
valve operatliig systern comprises a crank member on 
opposite ends of a connection plate, where the movable 
shaft and a spindle whose axis is parallel to the movable 
shaft strck out from the crank member, wherein the spin- 
dle is turnably supported on the engine body. 
[0015] According to a ninth aspect of thie present In- 
vention, in addition to the first aspect, the link mecha- 
nisms for the respective rockerarms for respective intake 
valves which are the engine valves have geometries dif- 
ferent from each other. 

[0016] According to a tenth aspect of the present In- 
vention, in addition to the ninth aspect, a movable shaft 
which supports movable support portions of second link 
arms of the respective link mechanisms Is installed on a 
common crank memberturnably supported on the engine 
bodyi 

[001 7] According to an eleventh aspect of the present 
invention, in addition to the first aspect, a cam holder with 
a bearing hole which receives and turnably supports a 
journal portion of a camshaft on which the valve operating 
cam is mounted Is Installed on the engine body; a supply 
hole whose inner end is communicated with an oil path 
provided in the camshaft to supply, lubricant externally Is 



installed in the journal portion in such a way as to open 
an outer end of the supply hole to outer periphery of the 
journal portion; a receiving groove corresponding to the 
outer end of the supply hole Is provided In at least part 

5 of Inner periphery of the bearing hole; a communicating 
channel is provided in the cam holder, linking an oil jet 
with the receiving groove, where the oil jet is placed In 
opposing relation to partteular parts out of the engine 
valve, rocker ami, and link mechanism; and the location 

10 and shape of the receiving groove are detennined such 
that the receiving groove is comrnunteated with the outer 
end of the supply hole within a particular rotational angle 
range of the carnshaft. 

[0018] According to a twelfth aspect of the present in- 
^5 vention, in addition to the first aspect, an oil sump is in- 
stalled in an upper part of the fixed support portion of . the 
first link arm placed above the second link arm, the oil 
sump bordering on the outer circumference of a rocker 
arm shaft which penetrates the fixed support portion so 
20 as to tumably support the fixed support portion; an oil 
path which allows lubricant to be supplied extemally Is 
installed in a cam holder installed on the engine body so 
as to turnably support a journal portion of a camshaft on 
which the valve operating cam is mounted; and an oil 
25 supply pipe which drops lubricant Into the oil sump from 
above is Installed in a protruding condition so as to be 
communicated with the oil path. 



30 



EFFECT OF THE INVEISTTION 



[001 9] With the an^ngement of the first aspect, the lift 
amount of the engine valve can be varied continuously 
by displacing the movable shaft continuously and the first 
ends of the first land second link antis lare tumably con- 

35 nected directly to the rocker arm. This decreases the 
space for placing the link anms, thereby reducing the size 
of the vah^e operafing system, and ensures that the rock- 
er arm follows the valve operating cam properiy since 
power from the valve operating cam Is directly delivered 

"^0 to the cam-abutting portion of the rocker arm. Further- 
more, since the movable support portion at the second 
end of the second link arm is placed nearer to the engine 
valve than the fixed support portion at the second end of 
the first link arm, moments of a reaction force applied to 

4S the drive means by the second link anil can be kept to 9 
relatively small value using the principle of leverage, 
making it possible to reduce the load placed on the drive 
means, and thus contribute to improving the reliability 
and durability of drive means. 

so [0020] With the arrangement of the second aspect, 
since the movable support portion at the second end of 
the second link arm is housed in the housing portion of 
the first link ami when it approaches at least the first fink 
arm, it is possible to reduce the size of the valve operating 

55 system by bringing the first and second link amis close 
to each other while allowing the variable lift amounts of 
the engine yalves to be increased by setting the amount 
of displacement of the movable support portion at a rel- 
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atively large value. 

[0021] With the arrangement of the third aspect, it is 
possible to bring the first and second llnl< amns closer to 
each other while reducing the weight and size of the first 
link ami, and thereby further reduce the slze of the valve s 
operating system, 

[0022] With the arrangement of the fourth aspect, it is 
possible to bring the first and second link arms still closer 
to each other, and thereby even further reduce the size 
of the valve operating system. . io 

[0023] With the arrangement of the fifth aspect, the 
rocker arm is equipped with a rib sticking out from the 
end of the rocker arm to the cam-ai3utting portion, thereby 
improving the rigidity of the rocker arm. 
[0024] With the arrangement of the sixth aspect, by is 
slimming down the center portion of the first link arhi, it 
is possible to reduce the weight of the first link arm to 
which a smaller load than the second link ami is applied. 
Also, by using a flat shape for the second link sm to 
which a larger load than the first link ami is applied, it is 20 
possible to reduce its weight while maintaining its rigidity. 
[0025] With the arrangement of the seventh aspect, it 
is possible to tumably connect the first end of the first 
link ami to the rocker arm using a compact arrangement 
while avoiding interference between the rocker arm and ^s 
camshaft of the first link ami. 

[0026] With the arrangement of the eighth aspect, by 
turning the crank member on the axis of the spindle, it is 
possible to displace the movable shaft easily and simpfify 
the mechanism for displacing the movable shaft by the so 
drive means. . 

[0027] W(th the anrangement of the ninth aspect, in an 
engine which has a plurality of intake valves for each 
cylinder, It is possible to vary control characteristbs of 
the plurality of intake valves using a single control mech- 35 
an ism. This makes it possible to vary the lift amounts of 
intake valves espedalty in a low valve lift region, thereby 
admit intake air into a pombustion chanhberthrough offset 
positions, and thereby give whiriing motion to intake air 
flow in the cylinder. This is very effective in increasing ^0 
combustion efficiency and reducing fuel consumption in 
a low-load, low-^peed region of ari engine with variable 
. lift amounts of the intake vatve. 

[0028] With the arrangement of the tenth aspect, it is 
possible to reduce the size of the valve operating system 
to move the second link arms of a plurality of the link 
mechanisms using the common crank mernber. 
[0029] With the arrangement of the eleventh aspect, 
since the receiving groove is communicated with the sup- 
ply hole within a particular rotational angle range of the so 
camshaft, it is possible to control the quantity and timing 
of I ubricarit supply of the lubricant emitted from the oil Jet 
by the rotation of the camshaft, and thereby supply an 
appropriate quantity of lubricant to particular parts of the 
valve operating system. ss 
[0030]. With the arrangernent of the twelfth aspect, 
since the lubricant supplied from the oil path to the oil 
supply pipe is. dropped into the oil sump, the lubricant 



can be supplied reliably to the oll sump. Moreover, since 
the lubricant is supplied from the oil supply pipe to the oil 
sump through the air, it is possible to simplify the config- 
uration without the need to install acomplicated oil supply 
path. • 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] [FIG. 1] FIG. 1 is a partial longitudinal sectional 
view of an engine taken along line 1-1 in FIG. 2. (Em- 
bodiment 1 ) [FIG . 2] FIG. 2 is a sectional view taken along 
line 2-2 in FIG. 1 . (Embodihient 1 ) 

[FIG. 3] FIG. 3 is a view taken along line 3-3 in FIG. 
2. (Ernbodiment 1) 

[FIG. 4] FIG. 4 is a longitudinal sectional view of var- 
iable valve lifting means. (Embodiment 1) 
[FIG. 5] FIG. 5 is an exploded perspective view of 
the variable valve lifting means. (Embodiment 1) 
[FIG. 6] FIG. 6 is a view along arrow 6 in FIG. 3. 
(Embodiment 1) 

[FIG. 7A] FIG. 7A is an explanatory diagram illustrat- 
ing operation of the variable valve lifting means in a 
high valve lift state. (Embodiment 1) 
[FIG. 7B] FIG. 78 is an explanatory diagram illustrat- 
ing operation of the variable valve lifting means in a 
low valve lift state. (Embodiment i) 
[FIG. 8] FIG. 8 Is a diagram showing a valve Tift curve 
of an intake valve, (Embodiment 1 ) 
[FIG. 9] FIG. 9 is an enlarged view of essential part 
of FIG. 3. (Embodiment 1) 

[FIG. 10] FIG. 10 is a graph showing relationship 
between the rotational angle of a control arm and 
rotational angle of a sensor ami. (Embodiment 1) 
[FIG. 1 1] FIG. 11 IS a perspective view of an Intake 
earn holder and area around the variable vatve lifting 
means: (Embodiment 1) 

[FIG . 12] FIG. 12 IS an exploded perspective View of 
the holder and an intake camshaft with, a cap re- 
moved. (Embodiment 1) [FIG. 13A] FIG. 13A is a 
sectional view taken along line 13-13 in FIG. 12 in 
the state in which a roller is in contact with a high 
spot of a valve operatirig cam, (Embodiment 1 ) 
[FIG. 138) FIG. 138 is a sectional view taken along 
line 13-13 in FIG. 12 in the state In which a contact 
portion of the roller deviates from the high spot of 
the Valve operating cam. (Embodiment 1 ) 
(FIG. 14] FIG. 14 is a longitudinal sectional view of 
an intake cam holderand area around variat)te valve 
lifting means. (Embodiment 2) 
[FIG. 15] FIG. 15 IS a perspective view showing part 
of FIG. .1 4. (Embodiment 2) 
[FIG. 16] FIG. 16 is a longitudinal sectional view of 
variable valve lifting means. (Embodiment 3) 
[FIG. 17] FIG. 17 is a perspective view of the variable 
valve lifting means. (Embodiment 3) 
[FIG. 18] FIG. 18 is a diagram showing a valve lift 
curve of an intake valve. (Embodiment 3) 
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[FIG. 1 9] FIG. 1 9 is an enlarged longitudinal sectional 
view of essential part of the Intake valve. (Embodi- 
ment3) 

[FIG. 20A] FIG. 20A Is a partial enlarged view of FIG. 
1 9 In the state In which a valve seat angle Is narrow. 
(Embodiment 3) 

[FIG. 20B] FIG. 20B is a partial enlarged view of FIG. 
1 9 in the state in which a valve seat angle is wide. 
(Embodiment 3) 

[FIG. 21 ] FIG. 21 is a conceptual diagram of a ceiling 
surface of a combustion chamber. (Embodiment 3) 

EXPLANATION OF REFERENCE NUMERALS AND 
SYMBOLS 

[0032] 



10 engine body 
19 intake valve which is an engine 

valve 

31 intake camshaft . 

31a Joumal portion 

46 cam holder 

50, 50A, 50B link mechanism 

60 housing portion 

61 first link ami 

61a first connecting portion 

61b fixed support portion 

61c ami portion 

62, 62A, 62B second link amn 

62a 62Aa, 62Ba second connecting portion 
62b, 62Ab, 62Bb movable support portion 

63, 63 A, 63b rocker arm 

63a bolt mounting portion 

63b rib 

64 pin 

65 roller as a cam>abutting portion 
67 rocker arm shaft 

.68 crank member 

68a movable shaft 

68b connection plate 

68c spindle 

69 valve operating cam 

70 adjustnient bolt 

72 actuator motor as drive means 

86 bearing hole 

87 oil path 

88 supply hole 

89 receiving groove 

90 communicating channel 

91 oil jet 

98 oil sump 

99 oil path 

100 oil supply pipe 
L1,L2 straight line 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0033] Modes for carrying outthe present invention will 
now be described by way of ernbodlments with reference 
^ to the accompanying drawings. 

Embodiment 1 

[0034] A first embodiment of the present invention will 
10 be described with reference to FIGS. 1 to 13B. Rrst, re- 
ferring to FIG. 1. an engine body 10 of an in-line multi- 
cylinder engine E comprises a cylinder block 12 with cyl- 
inder bores 1.1 ... in the interior, a cylinder head 1 4 jolrled 
to a top face of the cylinder block 1 2, and a head cover 
15 16 joined to a top face of the cylinder head 14. Pistons 
13 are slidably fittedin the cylinder bores 11 .... Com- 
bustion chambers 15 ... facing tops of the pistons 13 ... 
are formed between the cyfinder block 12 and cylinder 
head 14. 

20 [0035] The cylinder head 14 is equipped with intake 
ports 17 ... and exhaust ports 18 ... which can be com- 
municated with combustion chambers 15 .... The intake 
ports 1 7 are opened and closed by a pair of intake valves 

19, 19 which are engine valves while the exhaust ports 
25 1 8 are opened and closed by a pair of exhaust valves 

20, 20. Each Intake valve 19 has a stem 19a slidably 
fitted in a valve guide 21 provided in the cylinder head 
14, and is biased in a valve closing direction by a valve 
spring 24 installed between a spring seat 22 provided at 

30 the upper end of the stem 1 ga and a spring seat 23 abut- 
ted by the cylinder head 14. Each exhaust valve 20 has 
a stem 20a slidably frtted In a valve guide 25 provided in 
the cylinder head 14 and is biased In a valve closing 
direction by a vah^e spring 28 Installed between a spring 

35 seat 26 provided at the upper end of the stem 20a and 
a spring seat 27 abutted by the cylinder head 14. 
[0036] Referring also to FIG. 2, the cylinder head 14 
integrally comprises a holder 44 which has supporting 
walls 44a ... placed on both sides of each cylinder. Caps 

^ 45 ... and 47 ... are fastened tightly to each supporting 
wail 44a ... to form an intake earn holder 46 ... and ex- 
haust cam holder 48 ... in conjunction. Consequently, an 
intake carrishaft 31 is rotatably supported by the Intake 
cam holders 46 ... while an exhaust camshaft 32 is ro- 

^5 tatably supported by the exhaust cam holders 48 .... The 
Intake valves 1 9 ... are driven by the intake camshaft 31 
via variable valve lifting means 33 and the exhaust valves 
20 ... are driven by the exhaust camshaft 32 via variable 
valve timing/lifting means 34. 

50 [0037] The variable valve timing/lifting means 34 which 
drives the exhaust valves 20 ... is well-known, and will 
only be outlined here. A pair of low-speed rocker arms 
36, 36 and one high-speed rocker arm 37 are pivotably 
supported at their first ends on an exhaust rocker ami 

55 shaft 35 supported by the holder44. Rollers 38 axially 
supported in Intermediate parts of the low-speed rocker 
anms 36, 36 are abutted by two low speed cams 39, 39 
mounted on the exhaust camshaft 32 while a roller 40 
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axiaity supported in an Intermediate part of the high- 
speed rocker arrn 37 is abutted by a high-speed cam 41 
mounted on the exhaust cannshaft 32. Adjustment bolts 
42 ... which abut stem ends 20a ... of the exhaust valves 
20 ... are screwed Into the second ends of the low speed 
rocker arms 36 in such a way as to allow their advance/ 
retract position to be adjusted. 

[0038] The low speed rocker arms 36, 36 and the high 
speed rocker arm 37 can be connected and disconnected 
by hydrauHc control. When the engine E is running at low 
speed, if the low speed rocker amis 36, 36 and the high 
speed rocker ami 37 are disconnected, the low speed 
rocker arms 36, 36 are driven by the corresponding low 
speed cams 39, 39 and consequently the exhaust valves 
20, 20 are opened and closed with a low valve lift and a 
low opening angle. On the other hand, when the engine 
E is running at high speed, if the low speed rocker arms 
36, 36 and the high speed rocker ami 37 are connected, 
the high speed rocker arm 37 is driven by the correspond- 
ing high speed cam 41 and consequently the exhaust 
valves 20, 20 are opened and closed with a high valve 
lift and a high opening angle by the low speed rocker 
arms 36, 36 coupled to the high speed rocker anm 37. In 
this way, the valve lift and valve timing of the exhaust 
valves 20, 20 are controlled at two levels by the variable 
valve timing/lifting means 34. 

[0039] Now, the structure of the variable valve lifting 
means 33 will be described by referring also to FIG. 3 to 
FIG. 6. The variable valve lifting means 33 comprises a 
rocker amn 63 and link mechanism 50. The link mecha- 
nism 50 Includes a first link aim 61 and a second link ami 
62 placed below the first link anm 61 . 
[0040] The first link ami 61 is fomried into a substantial 
U shape with a pair of first connecting portions 61a, 61a 
whtoh sandwiches the rocker arm 63 from both sides, a 
cylindricat fixed support portion 61b, and a pair of ami 
portions 61c, 61cwhlch link the first connecting portions 
61 a, 61a and the fixed support portion 61b. 
[0041] The rockerarm 63is equipped at a first end with 
a pair of bolt mounting portions 63a, 63a into which ad< 
justment bolts 70, 70 are screwed, where the adjustment 
bolts have adjustable advance/retract positions and abut 
the upper ends of the stems 1 9a ... of the pair of intake 
valves 19 ... from above. The second end of the rocker 
arm 63 is formed into an approximate U shape, opening 
toward the intake camshaft 31 . A roller 65 serving as a 
cam-abutting portion placed in rollingcontact with a valve 
operating cam 69 mounted on the intake camshaft 31 is 
axially supported by the second end of the rocker ami 
34 via an upper pin 64. 

[0042] Besides, in an upper part of the rocker arm 34, 
a rib 63b is installed between the bolt mounting portions 
63a, 63a and sticks out from the first end of the rocker 
arm 34 to the second end of the rocker arm 34 where the 
roller 65 is placed. 

[0043] The first connecting portions 61 a, 61 a at a first 
end of the first link arm 61 are tumably connected to the 
second end of the rocker ami 63 via tiie upper pin 64. 



An outerflank of that part of the second ends of the rocker 
anm 63 which opposes the intake camshaft 31 overiaps 
with outer flanks of the first connecting portions 61 a, 61a 
at the first end of the first link arm 61 as viewed'laterally, 
5 forming an arc shape around the axis of the upper pin 64. 
[0044] The second link arm 62 is placed below the first 
link anm 61 , forming a flat shape between the arm portions 
61c, 61c of the first link ami 61 as viewed orthgonally to 
a straight line LI which links rotational Eoces at opposite 
ends of the first link arm 61 . 

[0045] The second link arm 62 is equipped at a first 
end with a second connecting portion 62a tumedsly con- 
nected to the second end of the rocker arm 63 via a lower 
pin 66 below the upper pin 64. The first end of the rocker 
arm 63 is coupled to the pair of intake valves 19..., and 
the valve operating cam 69 in abutment with the roller 65 
is installed in an upper part the second end of the rocker 
ami 63. Aliso, the first connecting portions 61a, 61a on 
the first end of the first link arm 61 and second connecting 
portion 62a at the first. end of the second link ami 62 
located below the first link ami 61 are vertteally arranged 
in parallel and relatively tumably connectedto the second 
end of the rocker arm 63. 

[0046] The fixed support portion 61b on the second 
end of the first link arm 61 is turnably supported by a 
rockerarm shaft 67 fixed to the holder 44 installed on the 
engine body 1 0. A movable support portion 62b mounted 
on the second end of the second link ami 62 is tumably 
supported by a movable shaft 68a. Besides, the second 
link arm 62 is shorter than the first link arm 61 and the. 
movable support portion 62b on the second end of the 
second link arm 62 is located closer to the intake valves 
19 ... than the fixed support portion 61b on the second 
end of the first link ami 61 . 

[0047] The movable shaft 68a is installed on a crank 
member 68, which has the movable shaft 68a and a spin- 
dle 68c mounted on opposite ends of a connection plate 
68b at right angles to the connection plate 68b and pro- 
truding 'm mutually opposite directions, where the con- 
nection plate 68b is placed in a plane parallel to a working 
plane of the second link arm 62. The spindle 68c is ro- 
tatably supported in a support hole 16a provided in the 
head cover 1 6 of the engine body 1 0. 
[0048] When the rocker ami 63 is at the raised position 
shown in FIG. 4, that is, when the intake valves 1 9 ... are 
in a closed state, the spindle 68c of the crank member 
68 is placed coaxially with an axis C of the lower pin 66, 
which pivotably supports the lower part of the rocker arm 
63 (see FIG. 5). Therefore, when the crank member 68 
swings around the axis of the spindle 68c, the movable 
support shaft 68a moves on an arc A (see FIG. 4) which 
has its center at the spindle 68c. 
[0049] Incidentally, a housing portion 60 capable of 
housing the movable support portion 62b is fomied in the 
first link ami 61 in such a way that a straight line 12 linking 
the first connecting portions 61a, 61 a of the first link ami 
61 with the flank of the fixed support portion 61bori tfie 
side of the second link anm 62 will overlap with part of 
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the movable support portion 62b as viewed laterally when 
at least the nrtovable support portion 62b on the second 
end of the second link amn 62 is placed at the closest 
point to the first lipk arm 61 . 

[0050] The housing portiori 60 comprises an orifice 60a s 
(see FIG. 2) formed between the arm portions 61c, 61c 
of the first link-arm 61 and capable.of. housing part of the . 
movable support portion 62b, and recesses 60b, 60b ... 
formed in lower parts of the ami portions 61c, 61c and 
capable of housing at least part of the movable support io 
shaft 68a. The first link arm 61 is gourd-shaped, as. 
viewed laterally, so as to form the recesses 60b .... 
[0051] The spindle 68c of the crank member 68 sticks 
out from the support hole 1 6a in the head cover 1 6. A 
control arm 71 is fixed to the tip of the spindle 68c and is 
driven by an actuator motor 72 mounted on an outer wall 
of the cylinder head 1 4 and serving as drive means. That 
is, a nut member 74 nieshes with a threaded shaft 73 
rotated by the actuator motor 72, a first end of a connect- 
ing link 76 is pivotably supported on the nut member 74 20 
via a pin 76, and the second end is connected to the 
control ami 71. via pins 77, 77. Therefore, when the ac- 
tuator motor 72 is operated, the nut member 74 moves 
along the rotating threaded shaft 73, the crank member 
68 is caused to swing around the spindle 68c by the con- 2s 
trol ami 71 connected to the nut member 74 via the con- 
necting link 76, arid consequently the movable support 
shaft 68a moves betweeri the position shown in FIG. 7A 
and the position shown in FIG. 7B. 

[0052] A rotational angle sensor 80 such as a rotary 3o 
encoder is installed on an outer wall surface of the head 
cover 16 with a first end of a sensor ami 81 fixed to the 
tip of a sensor shaft 80a. A guide groove 82 is provided 
in the control arm 71 linearly extending along its length, 
and a pin 83 mounted on the second end of the sensor 35 
arm 61 is siidably fitted in the guide groove 82. 
[0053] The threaded shaft 73, nut member 74, pin 75 , 
connecting link 76, pins 77, 77, control ami 71 , rotational 
angle sensor 80, sensor arm 81, and pin 83 are housed 
within wall portions 14a and 1 6b sticking out from flanks 
of the cylinder block 14 and head cover 16. A cover 78 
which covers end faces of the wall portions 14a and 1 6b 
is fixed to the wall portions 14a and 16b with bolts 7g .... 
[0054] In the variable valve lifting means 33, when the 
control arm 71 is turned counterclockwise by the actuator 45 
motor 72 fronri the. position indidated by the solid line In 
FIG. 3, the crank member 68 (see FIG. 6) connected to 
the control amn 71 turns counterclockwise and the mov- 
able support shaft 68a of the crank menriber ascends as 
shown in FIG. 7A. When the valve operating cam 69 . so 
mounted on the intake camshaft 31 pushes the roller 65 
in this state, a four-bar link joining the rocker shaft 67, 
upper pin 64, lower pin and movable support shaft 
68ia deforms, causing the rocker arrh 63 to swing down- 
ward from the chain-line position to the solid-line position , ss 
causing the adjustment bolts 70, 70 to push the stems 
1 9a ... of the intake valves 1 9. and thereby opening the 
Intake valves 1 9 ... with a high valve lift 



[0055] When the control arm 71 is turned to the solid- 
line position in FIG. 3 by the actuator motor 72. the crank 
, member 68 connected to the control ami 71 tums clock- 
wise and the movable support shaft 68a of the crank 
member 68 descends as shown in FIG. 7B. When the 
valve operating cam 69 mounted on the intake camshaft 
31 pushes the roller 65 in this state, the four-bar link de- 
forms, causing the rocker ami 63 to swing downward 
from the chain-line position to the solid-line position, 
causing the adjustment bolts 70, 70 to push the stems 
1 9a of the intake valves ^9 ... , and thereby opening the 
Intake valves 1 9 ... with a low. valve lift. 
[0056] FIG. 8 is a diagram showing a valve lift curve 
of the intake valve 19. The opening angle with the high 
valve lift corresponding to Fig. 7A is the same as the 
opening angle with the low valve lift con^esporiding to Rg. 
7B, and only the amount of valve lift has changed In this 
way, the variable valve lifting means 33 allows only the 
valve lift to be changed freely without changing the open- 
ing angle of the intake valves 19. 
[0057] When changing the valve lift of the intake valves 
1 9 ... by swinging the crankmember68 usingthe actuator 
motor 72, it is necessary to detect the magnitude of the 
valve lift, i.e., the rotational angle of the spindle 68c of 
the crank member 68, and feed it back for use in control- 
ling the actuator motor 72. For that reason, the rotational 
angle of the spindle 68c of the crarik member 68 is de- 
tected by the rotational angle sensor 80. To simply detect 
the rotational angle of the spindle 68c of the crank mem- 
ber 68, the rotational angle sensor 80 can be connected 
directly to the spindle 68c. However, since the intake ef- 
ficiency changes greatly with only a slight change in the 
amount of valve lift in the low valve lift region. It is nec- 
essary to detect the rotational angle of the spindle 68c 
of the crank member 68 accurately and feed it back for 
use in controlling the actuator motor 72. On the other 
hand, in the high valve lift region, since the intake effi- 
ciency does not change greatly even when the amount 
of valve lift changes to some extent, high accuracy is not 
required to detect the rotational angle. 
[0058] The position of the control arm 71 indicated by 
the solid line in Fig, 9 corresponds to the low valve lift 
region and the position of the control arm 71 indicated 
by the chain line in the anticlockwise direction away from 
the low valve lift region corresponds to the high valve lift 
position. In the low valve lift region, since the pin 83 of 
the sensor ami 81 fixed to the sensor shaft 80a of the 
rotational angle sensor 80 is engaged with the tip side 
(the side farther from the axis C) of the guide groove 82 
of the control ami 71 , even a slight swing of the control 
arm 71 results in a large swing of the sensor ann 81 . This 
magnifies the ratio of the rotatio^nal angle of the sensor 
shaft 80a relative to the rotational angle of the crank 
member 68, enhancing the resolution of the rotational 
angle sensor 80, and thus making it possible to detect 
the rotational angle of the crank member 68 with high 
accuracy. 

[0059] On the other hand, in the high valve lift region 
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where the control arm 71 has swung to the position indi- 
cated by the chain line, since the pin 83 of the sensor 
arm 81 fixed to the sensor shaft 80a of the rotational 
angle sensor 80 is engaged with the base side (the side 
closer to the axis C) of the guide groove 82 of the control 
arm 71 , even a large.swing of the control arm 71 results 
In a slight swing of the sensor arm 81 . This reduces the 
ratio of the rotational angle of the sensor shaft 80a relative 
to the rotational angle of the crank member 68, decreas- 
ing the detection, accuracy of the rotational angle of the 
crank mernber 68 compared to when the valve lift is low. 
[0060] As is dear from FIG. 10, when the rotational 
angle of the control ami 71 increases from a low valve 
lift state to a high valve lift state, the detection accuracy 
is high at first since the rate of increase of the angle of 
the sensor arm 81 is high, but the rate of increase falls 
gradually, resulting in low detection accuracy. 
[0061] In this way, without an expensive rotational an- 
gle sensor with high detection accuracy, by designing 
the sensor arm 8 1 of the rotational angle sensor 80 to be 
engaged with the guide groove 82 of the control arm 71 , 
it is possible to ensure high detection accuracy in a low 
valve lift state where a high detection accuracy is re- 
quired, and thereby contribute to cost reduction. 
[0062] In this arrangement; since one end (the end 
closer to the spindle 68c) of the control ami 71 and one 
end (the end closer to the rotational angle sensor 80) of 
the sensor ami 81 are placed in proximity to each other 
and the guide groove 82 isf brmed in the end of the control 
arm 71, the sensor arm 81 can be made compact with 
reduced length. Incidentally, the formation of the guide 
groove 82 in the end of the control arm 71 reduces the 
distance from the axis C, reducing the amount of travel 
In the circumferential direction of the guide groove 82 las 
well. However, the length of the sensor arm 81 is also 
reduced, ensuring a sufficient rotational angleforthe sen- 
sor ami 81 , and thereby ensuring the detection accuracy 
of the rotational angle of the' sensor 80. 
[0063] Referring to FIGS. 11 and 12, a bearing hole 
86 which receives and rotatabty supports a journal por- 
tion 31 a of the intake camshaft.31 is formed between the 
supporting wall 44a of the holder 44 and cap 45 which 
compose each intake cam ho}der46 in conjunction. Also, 
an oil path 87 for use to supply lubricant from an extemal 
oil supply source (not shown) is provided coaxially in the 
intake camshaft 31 . A supply hole 88 whose inner end 
is comniuhicated with the oil path 87 is installed in the 
journal portion 31 a in such a way as to open Its outer end 
to outer periphery of the joumal portion 31a. 
[0064] According to this embodiment, receiving groove 
89 corresponding to the outer end pf the supply hole 88 
is providedinatleastpartof innerperipheryofthebearing 
hole 86, namely that part of the inner periphery of the 
bearing hole 86 which is on the side of the holder 44. The 
receh^ing groove 89. which is formed only in part of the 
inner circumference of the bearing hole 86, does not ad- 
versely affect the load capacity of the bearing hole 86 to 
carry the load of the jouinal portion 31a 



[0065] On the other hand, a communicating channel 
90 whose first end is communicated with the receiving 
groove 89 is provided in each intake cam holder 46. the 
cap 45 is fastened tightly to the supporting wall 44a of 
5 the holder 44 by a pair of bolts 92 and 93 placed on both 
sides of the intake camshaft 31 . Bolt holes 94 and 95 are 
provided in the supporting wall 44a to receive the bolts 
92 and 93 screwed into them. Tiius, according to this 
embodiment, the communicating channel 90 is cohn- 
10 posed of a groove 96 provided in the top face of the sup- 
porting wall 44a of the holder 44 whose first end is coni- 
municated with the receiving groove 89 and a gap created 
between the bolt 92 and iDOlt hole 94. An oil jet 91 is 
installed on the supporting wall 44a of each intake cam 

IS holder 46, being placed in opposing relation to particular 
partsr-the stem.1 9a of the intake valve 1 9 and an abutting 
portion of the adjustment boits 70, according to this em- 
bodiment-put of the intake valve 1 9. rocker ann .63, and 
link mechanism 50 and being communk:ated with the 

20 communicating channel 90. 

[0086] The location and shape of the receiving groove 
89 are detennined such that the receiving groove 89 is 
communicated with the outer end of the supply hole 88 
within a particular rotational angle range of the intake 

^5 camshaft 31 . The particular rotational angle range of the 
intake camshaft 31 , for example, is a range within which 
a high spot of the valve operating cam 69 comes into 
contact with the roller 65 of the rocker arm 63. 
[0067] Specifically, as shown in FIG. 13A, only when 

30 the rotational angle of the intake camshaft 31 is within a 
range of 61 and the high spot of the valve operating cam 
69 is within a range in which it comes into contact with 
the roller 65 of the rocker arm 63, the oil path 87 is com- 
municated with the receiving groove 89 via the supply 

35 hole 88, allowing the lubricant to be supplied from the 
communicating channel 90 to the oil jet 91 . 
[0068] On the other hand, when the rotational angle of 
the intake camshaft 31 is In a range of 82 excluding the 
range of 61 , the supply hole 88 is cut off from the receiving 

^ groove 89, causing the lubricant from the supply hole 88 
to be used for lubrication between the joumal portion 31a 
and bearing hole 86 instead of being supplied to the oil 
jet 91. 

[0069] Now, operation of the first embodiment will be 
45 described. In the variable valve lifting means 33 which 
continuously varies the lift amounts of the intake valves . 
1 9 .:. , the first connecting portions 61 a, 61 a and second 
connecting portion 62a attached to the first ends of the 
first link amri 61 and second link ami 62, respectively, are 
50 arranged in parallel and relatively turnably connected to 
the second end of the rocker ann 63 whose first end is 
coupled to the pair of intake valves 1 9 .... The fixed sup- 
port portion 61 b on the second end of the first link arm 
61 is tiimably supported by the rocker arm' shaft 67 of 
55 the engine body 1 0. The movable support portion 62b on . 
the second end of the second link arm 62 is tumably 
supported by the movable support shaft 68a which is 
displaceable. 
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[0070] Thus, by varying the movable support shaft 68a 
continuously, it is possible to vary the lift amounts of the 
intake valves 19 continuously. Moreover, since the first 
ends of the first and second link amis 61 and 62 are 
turnably connected directly to the rocker arm 63, it is pos- 
sible to reduce the space required for the link amis 61 
and 62, and thereby reduce the size of the valve operating 
system. Also, since power is transmitted directly from the 
valve operating cam 69 to the roller 65 of the rocker arm 
63, it is possible to follow the valve operating cam 69 
properly. Besides, the rocker arm 63 and the first and 
second link amis 61 and 62 can be placed at almost the 
same location along the axis of the intake camshaft 31 , 
making it possible to reduce the size of the valve oper> 
ating system along the axis of the intake camshaft 31. 
[0071] The rocker ami 63 Is equipped at the first end 
with the pair of bolt mounting portions 63a, 63a into which 
the adjustment bolts 70. 70 are screwed, the adjustrnent 
bolts 70 having adjustable advance/retract positions and 
abutting the pair of intake valves 19. respectively; and 
on the rocker ami 63, the rib 63b is installed between the 
bolt mounting portions 63a, 63a and sticks out from the 
first end of the rocker arm 63 to the location of the roller 
65, This makes it possible to improve the rigidity of the 
rocker arm 63. 

[0072] The first link ami 61 comprises the pair of first 
connecting portions 61 a, 61 a which sandwiches the rock- 
er arm 63 from both sides, the fixed support portion 61 b, 
and the pair of arm portions 61c, 61c which link the first 
connecting portions 61a, 61aand the fixed support por- 
tion 61b. The second link ami 62 is formed Into a flat 
shape placed between the two arm portions 61c, 6lc as 
viewed orthgonally to the straight line Li which links ro- 
tational axes at opposite ends of the first link amn 61 . This 
niakes it possible to reduce the weight and size of the 
first link amn 61 which can-les lighter loads than the sec- 
ond link ami 62 and reduce the weight of the second link 
ami 62 which is subjected to heavier loads than the first 
link arm 61 while maintaining its rigidity. 
[0073] Furthermore, the housing portion 60 capable of 
housing the movable support portion 62b Is fomied in the 
first link ami 61 in such a way that the straight line L2 
linking the first connecting portions 61a, 61a of the first 
link arm 61 with the flank of the fixed support portion 61b 
on the side of the second link arm 62 will overiap with 
part of the movable support portion 62b as viewed later- 
ally when at least the movable support portion 62b is 
placed at the closest point to the first link ami 61. This 
makes it possible to reduce the size of the valve operating 
system by bringing the first and second link amis 61 and 
62 close to each other while allowing the variable lift 
amount of the intake valves 19 to be increased by rela- 
tively increasing the amount of displacement of the mov- 
able support portion 62b. Besides, since part of the hous- 
ing portion 60 is formed between the two anm portions 
(Blc. 61c, it is possible to bring the first and second link 
arms 61 and 62 closer to each other, thereby further re- 
ducing the size of the valve operating system. Further- 



more, since the housing portion 60 can house at least 
part of the movable shaft 68a, it is possible to bring the 
first and second Jink amis 61 and 62 still closer to each 
other, and thereby even further reduce the size of the 

s valve operating system. 

[0074] The first connecting portions 61a and second 
connecting portion 62a on the first ends of the first and 
second link arms 61 and 62 are arranged vertically in 
parallel and relatively turnably connected to the second 

10 end of the rocker arm 63 whose first end is coupled to 
the pair of intake valves 19, Also, the second link arm 62 
is shorterthan the first link arm 61 and the movable sup-' 
port portion 62b on the second end of the second link 
arm 62 is located closer to the intake valves 19 ... than 

15 the fixed support portion 61b on the second end of the 
first link ami 61. Consequently, moments of a reaction 
force applied to the control ami 71 by the second link 
arm 62 via the movable shaft 68a can be kept to a rela- 
tively small value using the principle of the lever, making 

20 it possible to reduce the loads placed on the control ami 
71 and actuator motor 72, and thus contribute to Improv- 
ing the reliability and durability of the control arm 71 and 
actuator motor 72. 

[0075] The first connecting portions 61a. 61a at the 
25 first end of the first link arm 61 are turnably connected to 
the rocker arm 63 via the upper pin 64 and the roller 66 
is axially supported by the rocker ami 63 via the upper 
pin 64. Since the outer flank of that part of the rocker ami 
63 which opposes the intake camshaft 31 overiaps with 
30 the outer flanks of the first connecting portions 61 a, 61 a 
at the first erid of the first link arm 61 as viewed laterally, 
fomiing an arc shape around the axis of the upper pin 
64, it Is possible to tumably connect the first end of the 
first link arm 61 to the rocker arm 63 using a compact 
35 configuration while avoiding interference between the 
rocker ami 63 and intake camshaft 31 of the first link ami 
61. 

[0076] Also, the . variable valve fifting means 33 com- 
prises the crank member 68 on opposite ends of the con- 

40 nection plate 68b, where the movable shaft 68a and the 
spindle 68c whose axis is parallel.to the movable shaft 
68a stick out from the crank member 68, and the spindle 
68c is tumably supported on the head cover 16 of the 
engine body 10. Thus, by tuming the crank member 68 

45 on the axis of the spindle 68c, It is possible to displace 
the movable shaft 68a easily and siiiiplify the mechanism 
for displacing the movable shaft 68a by the actuator mo- 
tor 72. 

[0077] Besides, the supply hole 88 whose inner end is 
50 communteated with the oil path 87 is provided in the in- 
take camshaft 31 to supply lubricant externally. It is in- 
stalled in the joumal portion 31a of the intake camshaft 
31 in such a way as to open its outer end to the outer 
peripheryof the Journal portion 31 a. The receiving groove 
S5 89 con-esponding to the outer end of the supply hole 88 . 
is provided in at least part of the inner periphery of the 
bearing hole 86 of the intake cam holder 46. The com- 
municating channel 90 is provided in each intake cam 
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holder 46 to communicate the receiving groove 89 with 
the oil jet 91 which is placed in opposing relation to a 
particular part~the intake valve. 1 9 and the abutting por- 
tion of the rocker ami 63. according to this embodiment- 
out of the intake valve 19 rocker amn 63, and link 
mechanism 50. The location and shape of the receiving 
groove 89 are determined such that the receiving groove 
89 is communicated with the outer end of the supply hole 
88 within a particular range 61 of the rotational angle of 
the intake camshaft 31 . Since the receiving groove 89 is 
communicated with the supply hole 88 within the partb- 
ufarrangeOI ofthe rotational angle of the intake camsiiaft 
31 , it is possible to control the quantity and timing of lu- 
bricant supply by the rotation of the intake camshaft 31 , 
and thereby supply an appropriate quantity of lubricant 
to particular parts of the valve operating system. 
[0078] Incidentally, although in the first embodiment 
the range within which a high spot of the valve operating 
cam 69 comes into contact with the roller 65 of the rocker 
anm 63 is set to the particular rotational angle range 61 
of the intake camshaft 31, this is not restrictive and the 
range can be set as appropriate. 

Embodiment 2 

[0079] Next, a second embodiment of the present in- 
vention will be described with reference to FIGS. 14 to 
15. An oil sump 98 is installed in an uppier part of a fixed 
support portion 61b of a first link arm 61 placed above a 
second link arrn 62, the oil sump 98 bordering on the 
outer circumference of a rocker arm shaft 67 which pen- 
etrates the fixed support portion 61b so as to tumably 
support the fixedsupport portion 61 b. An oil path 99 which 
allows lubricant to be supplied extemaljy is installed In a 
cap 45 pf an intake cam holder 46 and an oil supply pipe 
100 which drops lubricant into the oil sump 98 from above 
sticks out from the cap 45 of the intake cam holder 46 so 
as to be communicated with the oil path 99. 
[0080] Aocordingto the second embodiment, since the 
lubricant supplied from the oil path 99 to the oil supply 
pipe 1 00 is dropped Into the oil sump 98, the lubricant 
can be supplied reliably to the oil sump 98 and the lubri- 
cant collected in the oil sump 98 is used for lubrication 
between the rockier arm shaft 67 and fifst link arm 61. 
Moreover^ since the lubricant is supplied from the oil sup- 
ply pipe 100 to the oil sump 98 through the air, it Is pos- 
sible to simplify the configuration without the need to in- 
stall a compltoated oil supply path. 
[0081] incidentally, the path used to supply lubricant 
to the oil supply pipe 1 00 is not limited to the one accord- 
ing to the second embodiment described above. The lu- 
bricant may be supplied to the oil supply pipe 100 from 
an oil path 87 provided in an intake camshaft 31 through 
a supply hole 88 and receiving groove 89 arid then 
through an oil path provided in an intake cam holder 46 
as in the case of the first embodiment . 



Embodiment 3 

[0082] Now, a third embodiment of the present inven- 
tion will be described with reference to FIGS. 16 to .21. 
5 First, referring to FIGS. 1 6 and 1 7, a pair of Intake valves 
19 ... are driven by an intake camshaft 31 via variable 
valve fifting means 1 05, which comprises a pair of rocker 
amis 63A and 63B corresponding to the respective intake 
valves 19 and a pair of link mechanisms 50A and 50B 
10 con-esponding to the rocker arms 63A and 63B, respec- 
tively. The link mechanism 50A. corresponding to the 
rocker arm 63A includes a first link arm 61 and second 
link anri 628 while the other link mechanism 508 corre- 
sponding to the rocker arm 63B indudes the first link arm 
IS 6 1 and second fink arm 62B. The first link arm 61 is com- 
mon to the two link mechanisms 50A and 508. 
[0083] Adjustment bolts 70... with adjustable ad- 
vance/retract positions are screwed into first ends of the 
two rocker amis 63A and 63B. the adjustment t>olts 70 ... 
serving as valve-abutting portions which abut the upper 
ends of stems 19a ... of intake valves 19 ... correspond- 
ing to the respective rocker arms 63A and 63B from 
above. A roller 65 serving as an abutting portion placed 
in rolling contact with a valve operating cEun 69 mounted 
on the intake cannshaft 31 is axialiy supported between 
the second ends of the two rocker amis 63A and 63B via 
an upper pin 64. 

[0084] The first fink arm 61 is formed into a U shape 
with a pair of first connecting portions 61a, 61a which 
sandwiches the rocker arms 63A and 638 from both 
sides, and the first connecting portions 61 a, 61 a at a first 
end of the first link arm 61 are turnably connected to the 
second end ofthe rocker arms 63Aand 638 via the upper, 
pin 64. 

[0085] A second connecting portion 62Aa mounted on 
a first end of the second link ann 62A placed below the 
first link ami 61 is tumably connected to the second end 
of the rocker ami 63A below the upper pin 64 via a lower 
pin 66A. A second connecting portion 628a mounted on 
a first end of the second link arm 628 placed below the 
first link arm 61 is tumably connected to the second end 
of the rocker arm 63A bebw the upper pin 64 via a lower 
pin66B. 

[0086] A fixed support portion 61 b on the second end 
of the first link ann 61 is tumably supported by the rocker 
arm shaft 67. Movable support portions 62Ab and 62Bb 
on the second end of the second link amis 62A and i62B 
are tumably supported by a movable shaft 68a of a crank 
m&nber 68. Also, the second link arms 62A and 628 arie 
shorter than thefirstlinkarm 61, and the movable support 
portions 62Ab and 62Bb on the second ends ofthe sec- 
ond link amfis 62A and 628 are located closerto the intake 
valves 19 ... than the fixed support portion 61b on the 
second end of the first link ann 61 . 
[0087] A housing portion 60 capable of housing the 
movable support portions 62Ab and 62Bb is formed in 
the first linic ami 61 in such a way that a straight line 12 
linking the first connecting portions 61a, 61a ofthe first 
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link arm 61 with flanks of the second link amns 62A and 
62B of the fixed support portion 61 b will overlap with part 
of the movable support portions .62Ab and.62Bb as 
viewed laterally when at least the movable support por- 
tions 62Ab and 62Bb on the second ends of the second 
link arms 62A and 628 are placed at the closest point to 
the first link amn 61 . 

[0088] Incidentally, a predetemiined difference OS 
has been set between the center positions of the lower 
pins 66A and 668 which turnably connect the first ends 
of the second link arms 62A and 62B to the second ends 
of the rocker amns 63A and 63b. Consequently, the sec- 
ond link arms 62A and 628 differ from each other in 
length. That is, the link mechanisms 50A and 50B for the 
respective rocker anms 63A and 638 for the respective 
intake valves 19 ... have geometries different from, each . 
other 

[0089] Due to the geometric differences between the 
link mechanisms 50A and SOB, the locus of the center of 
the upper pin 64 which connects the first link anm 61 to 
the rocker anms 63A and 63B is common to the link.mech- 
anisms 50A and SOB, but the loci of the centers of the 
lower pins 66A and 66B which connect the second link 
amns 62A and 628 to the rocker amfis 63A and 638 differ 
from each other. Thus, the two intake valves 19 ... have 
mutually different lift characteristics as lndk:ated by the 
solid line and chain line in FIG. 1 8. This results In differ- 
ence in the openings of the two intake valves 1 9 .... The 
difference in the openings has significant effects espe- 
cially in a low opening region, causing intake air flow to 
whirl in a combustion chamber IS. 
[0090] Although it is possible to increase the difference 
In the openings in the low opening region and decrease 
the difference in the openings in the high opening region 
by adjusting the place where the lower pins 66A and 668 
are mounted on the rocker arms 63A and 638, the dif- 
ference in the openings of the two intake valves 19 ... 
has a relatively small effect in the high opening region 
and will not cause a drop in engine output. 
[0091 ] . The difference in the openings of the two intake, 
valves 19 ... can be acQusted easily by adjusting the ad- 
vance/retract positions of the adjustment bolts 70... 
screwed into the rocker arhns 63A and 63b and by varying 
clearances between the stems 19a of the intake valves 
19 ... and adjustment bolts 70 .... That is, a small tappet 
clearance reduces errors in mechanical linkage between 
the rocker amis 63A and 63B and intake valves 19 ... , 
resulting in an opening responsive to the lift amount of 
valve operating cam 69 while a large tappet clearance 
reduces the contribution of the action of the valve oper- 
ating cam 69 to follow the rocker arms 63A and 63B to 
valve opening strokes of the Intake valves 19 .... By var- 
ying the opening between the intake valves 1 9 based 
on this principle, it is possible to enhance swirling effects. 
Naturally, the difference in tappet clearance affects the 
entire operating range, but it does not cause a drop in 
engine output as described above because the difference 
in the opening has a smaller effect as it becomes larger. • 



[0092] As shown in FIG. 18, a surface which abuts a 
valve seat 1 07 of an umbrella-shaped portion 1 06 of the 
mushroom-shaped intake valve 19, i.e., a seat surface 
108, is chamfered to forni a predetermined valve seat 
5 angle 8 and preferably, the valve seat angle e is 75 de- 
grees or less while the angle cp formed by the seat surface 
1 08 and an outer surface of the umbrella-shaped portion 
106 is 30 degrees or more. Incidentally, when the um- 
brella-shaped portion 106 has curved contours, the 
10 above condition is satisfied if any part of the curved sur- 
face has a tangent (defined as a straight line linking two 
points3 mm apart on the top face of the umbrella-shaped 
portion 1 06) of 30 degrees or mor^. 
[0093] Since effective clearance (b^ < bg in FIG. 20A 
15 and FIG. 208) for the same lift amount (a, = ag in FIG. 
20A and FIG. 208) is reduced with decreases in the valve 
seat angle 6, the above settings are useful in reducing 
changes in the effective valve-opening area for the same 
valve Oft amount in the low lift region of the intake valves 
^ 1 9 ... (2 mm or less in the case of an automobile). This 
makes it possible to reduce en-ors or variations in the 
openings of variable valve lift intake valves 19 ... in the 
low lift region caused by temperature changes and man- 
ufacturing en-ors. Also, when controlling the amount of 
25 intake by controlling the valve lift amount, responsive- 
ness of changes in the amount of intake to changes in 
the valve lift amount in the low lift region does not become 
excessive and stability can bis enhanced, without de- 
creasing accuracy. In addition, thei vertical velocity at 
30 which valve seat 107 sits on the seat surface 108 falls 
with decreases in the valve seat angle 0, and thus reduc- 
tion in the valve seat angle e is effective in reducing noise. 
[0094] On the other hand, the angle <|> fomed by the 
seat surface 108 and the outer surface of the umbrella- 
35 shaped portion 1 06 increases gradually from zero, Intake 
airflows along the contours of the umbrella-shaped por- 
tion 106 at first, but when the angle <p approaches 30 
degrees, the intake air flow tends to separate partially 
from the seat surface 1 08, increasing intake resistance. 
40 When this angle exceeds 30 degrees, the intake air flow 
separates completely from the seat surface 1 08, reduc- 
ing the intake resistance. 

[0095] Conversely, when the angle <p is smaller tiian 
30 degrees, although the intake, resistance is reduced, 
45 the umbrella-shaped portion 106 increases in volume, 
causing the intake valves 19 to increase in inertial mass 
and reducing the effective port area upstream of the seat 
surface 108. 

[0096] An open end of an intake port 1 7 into the com- 
50 bustion chamber IS has a portion (called a shroud) 1 09 
protruding further toward an inner surface of the intake 
valve 19 than the combustion chamber 15. If a guide 
surface 110 which facilitates the swirl of the intake air 
flow is constmcted by cutting off part of the shroud 109 
55 as shown in FIG. 21 , it is possible to further enhance 
swirling effects. 

[0097] The present invention is not limited to the em- 
bodiments descrit)ed above and allows various design 
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changes without departing from the scope of the present 
invention set forth in the appended claims. 



Claims 

1. An engine valve operating system, comprising: 

a rocker arm (63. 63A. 63B) whfch has a cam- 
abutting portion (65) to abut a valve operating. io 
cam (69) and whose first end is coupled in op- 
erative association with an engine valve (1 9); 
a link mechanism (50, 50A, 50B) equipped with 
a first link ann (61 ) which has a first connecting 
portion (61a) at a first end to be tumably con- is 
nected to the rocker arm (63, 63A, 63B) and has 
a fixed support portion (61b) at the second end 
to be tumably supported at a fixed position on 
an engine body (10) as well as with a second 
link ami (62, 62A, 62B) which has a second con- 20 
necting portion (62a, 62Aa, 62Ba) at a first end 
to be tumably connected to the rocker arm (63, 
63A, 63B) and has a movable support portion 
(62b, 62Ab, 62Bb) at the second end to be tum- 
ably supported by a movable shaft (68a) which 2S 
is displaceable; and 

drive means (72) connected to the movable 
shaft (68a), being capable of displacing the mov- 
able shaft (68a) in order to vary a lift amount of 
the engine valve (19) continuously, 30 
characterized In that the first and second con- 
necting portions (61 a, 62a) are arranged in par- 
eUlel and relatively tumably connected to the sec- 
ond end of the rocker ami (63, 63A. ^B) and 
the movable support portion (62b, 62Ab, 62Bb) .35 
of the second link amn (62, 62A, 62B) is placed 
nearer to the engine va|ve (1 9) than the fixed 
support portion (61 b) of the first link arm (61 ). 

2. The engine valve operating system according to 
claim 1, wherein a. housing portion (60) capable of 
housing the movable support portion (62b, 62Ab, 
62Bb) is formed in the first link ann (61) in such a 
way thatastraight line (L2) linking the firstconnecting 
portions (61a) of the first link arm (61 ) with the flank ^5 
of the fixed support porttori (61b) on the side of the 
second link ami (62. 62A, 62B) overlap with part of 
the movable support portion (62b) as viewed laterally 
when at least the movable support portion. (62b, 
62Ab, 62Bb) is plaiced at the closest point to the first so 
link arm (61). 

3. The engine valve operating system according to 
. claim 2, wherein the first link arm (61 ) formed into 

a U shape with a pair of first connecting portions ss 
(61a) which sandwiches the rocker arm (63, 63A, 
63B) from both sides, the fixed support portiori (61 b), 
and a pair of ami portions (61c) which fink the first 



connecting portions (61 a) and the fixed support por- 
tion (61b); and at least part of the housing portion 

(60) IS fonried between the two arm portions (61c). 

4. The engine valve operating system according to 
claim 2 or 3, wherein the housing portion (60) can 
house at least part of the movable shaft (68a). 

5. The engine valve operating system according to 
clairn 1, wherein the rocker arm (63) is equipped at 
the first end with apatr of bolt mounting portions (63a) 
into which adjustment bolts (70) are screwed, the 
adjustment bolts (70) having adjustable advance/re- 
tract positions and abutting a pair of engine valves 
(19), respectively; and on the rocker amri (63), a rib 
(63b) is installed between the bolt mounting portions 
(63a) and sticks out from the first end of the rocker 
arm (63) to the cam-abuttirig portion (65). 

6. The engine valve operating system according to 
claim 5, wherein the first link arm (61 ) is fomned into 
a U shape with' a pair of first connecting portions 
(61a) which sandwiches the rocker amn (63) from 
the opposite sides, the fixed support portion (61b) 
tumably supported at a fixed position on the engine 
body (10), and a pair of arm portions (61c) which Hnk 
the connecting portions (61a) and the fixed support 
portion (61 b); and the second Hnk ami (62) is formed 
into a flat shape so as to be placed between the two 
arm portions (61 c) as viewed orthgonally to a straight 
line. (LI) which links rotational axes at opposite ends 
of the first link arm (61 ). 

7. The engine valve operating system according to 
claim 5 or 6, wherein the first end of the first link arm 

(61) is tumably con nectied to the rocker arm (63, 63A, 
63B) via a pin (64); a roller (65) serving as the cam- 
abutting portion is supported via the pin (64); and an 
outer flank of that part of the rocker ami (63, 63A, 
63B) which opposes a camshaft (31 ) equipped with 
the valve operating cam (69) overiaps with an outer 
f lankof the first end of the first link arm (61 ) as viewed 
laterally, forming an arc shape around the axis of the 
pin (64). 

8. The engine valve operating system according to 
claim 5 or 6. comprising a crank member (68) on 
opposite ends of a connection plate (68b), where the 
movable shaft (68a) and a spindle (68c) whose axis 
is parallel to the movable shaft (68a) stick out from 
the crank member (68), wherein the spindle (68c) is 
tumably supported on the engine body (1 0). 

,9. The engine valve operating system according to 
claim 1, wherein the link mechanisms (50A,50B)for 
the respective rocker arms (63A and 638) for respec- 
tive intake valves (19) which are the engine valves 
have geometries different from each other. 



12 



23 



EP 1 707 766 A1 



10. The engine valve operating system acxjording to 
claim 9. wherein, a movable shaft (68a) which sup- 
ports movable support portions (62Ab, 62Bb) of sec- 
ond link arms (62A, 62B) of the respective link mech- 
anisms (50A, SOB) is Installed on a common crank 5 
member (68) tumably supported on the engine body 
(10). 

11.. The engine valve operating system according to 
claim. 1, wherein a cam holder (46) with a bearing io 
hole (86) which receives and tumably supports a 
joumal portion (31a) of a camshaft (31 ) on which the 
valve operating cam (69) is mounted is installed on 
the engine body (1 6); a supply hole (88) whose inner 
end is communk:ated with an oil path (87) provided is 
in the camshaft (31 ) to supply lubricant externally is 
installed in the joumal portion (31a) in such a way 
as to open an outer end of the supply hole (88) to 
outerperiphery of the journal portion (31a); a receiv- 
ing groove (89) corresponding to the outer end of 20 
the supply hole (88) is provided in at least part of 
inner periphery of the bearing hole (86); a commu- 
nicating channel (90) is provided in the cam holder 
(46), linking an oil jet (91) with the receiving groove 
(89), where the oil jet (91 ) is placed in opposing re- 25 
lation to particular parts out of the engine vaivie (19), 
rocker ami (63, 63A, 63B), and link mechanism (50. 
50A, SOB); and the location and shape of the receiv- 
ing groove (89) are detemriined such that the receiv- 
ing groove (89) is communicated with the outer end so 
of the supply hole (88) within a particular rotational 
angle range of the camshaft (31 ). 

12. The engine valve operating system according to 
claim 1 , wherein an oil isump (98) is installed in an 35 
upper part of the fixed support portion (61b) of the 
first link arm (61) placed above the second link anm 
(62, 62A, 62B), the oil sump (98) bordering on the 
outer circumference of a rocker amn shaft (67) which 
penetrates the fixed support portion (61b) so as to "^o 
tumably support the fixed support portion (61b); an 
oil path (99) which allows lubricant to be supplied 
externally is.installed in a cam holder (46) installed 
on the engine body (1 0) so as to tumably support a 
joumal portion (31a) of a camshaft (31 ) on which the . 45 
valve operating cam (69) is mounted; and an oil sup- 
ply pipe (100) which drops lubricant into the oil sump 
(98) from above is installed in a protruding condition 
so as.tb be communicated with the oil path (99). 

50 
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